Experimental traumatic brain injury modulates the survival, migration, and terminal phenotype of transplanted epidermal growth factor receptor-activated neural stem cells.
We have previously shown that constitutively active epidermal growth factor receptor signaling enhances the survival and motility of engrafted neural stem cells (NSCs) when transplanted into normal adult brain. In the present study, using the C17.2 NSC line stably transfected with the constitutively active epidermal growth factor receptor vIII, we sought to evaluate the phenotype of NSCs after engraftment into the milieu of traumatic head injury. We performed intracerebral NSC transplantation with C17.2 NSCs overexpressing the active epidermal growth factor receptor vIII receptor into the ipsilateral (n=17) or contralateral (n=19) corpus callosum at 48 hours after severe experimental traumatic brain injury (TBI) or after sham injury (n=12) in rats. All sham-injured animals (100%) showed NSC graft survival, compared with 65% of brain-injured animals receiving ipsilateral NSC transplants, and only 10% of brain-injured animals had surviving transplants after engraftment into the contralateral uninjured corpus callosum. A marked elevation of nerve growth factor (pg/mg protein) was observed at 72 hours after injury in the injured hemisphere (x=80 +/- 10 pg/mg) compared with the contralateral uninjured hemisphere (35 +/- 0 pg/mg) (P <0.05), and this elevation of nerve growth factor may have contributed to enhanced survival of engrafted NSCs. In uninjured control animals, NSC transplants proliferated actively, as evidenced by incorporation of bromodeoxyuridine. After TBI, however, transplanted NSCs failed to proliferate, regardless of the site of implantation. Morphologically, NSCs transplanted into the injured brain showed extensive process formation suggestive of a more differentiated phenotype, in contrast to NSCs engrafted into uninjured brain that appear undifferentiated, with round soma and no processes. NSCs transplanted into the corpus callosum of brain-injured animals also expressed NG2, a pro-oligodendrocyte marker that was not seen in cells transplanted into uninjured brain. Although migration of NSCs was much more pronounced in the uninjured brain, 2 weeks after TBI, NSCs transplanted into the ipsilateral corpus callosum were found to have migrated to the injury cavity. Moreover, NSCs transplanted into the corpus callosum contralateral to the site of injury were observed crossing the corpus callosum by 2 weeks after transplantation. Our results suggest that the environment associated with acute experimental TBI can significantly modulate the phenotype and migratory patterns of the engrafted NSC. These findings have particularly important implications for transplantation of NSCs into the traumatically injured nervous system.